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METHOD AND DEVICE TO ENHANCE SKIN BLOOD FLOW 

The invention comprises of a method and device to enhance skin 
microvascular circulation. The device is a hypobaric chamber fitted with a new non- 
occlusive seal and a vacuum pump. The seal is adjustable with minimal touch to the 
skin of the subject The method involves placing a small body part inside the 
chamber and reducing the ambient pressure of the enclosed body part. Blood is 
sucked into the body part, but the treated area is so small that the shift does not unload 
carotid or cardiopuhnonary baroceptors, and does not evoke reflexive 
vasoconstriction. Our new seal does not compress drainage veins, so it does not 
inhibit venous return. These effects result in a significant and stable increase m skin 
microvascular flow of the enclosed body part. 

All previous pressure changing techniques to enhance circulation have differed 
fi-om this invention in two ways. First, all previous techniques have reUed on 
chambers with powerful airtight and skintight seal to make a pressure differential 
between the normal ambient pressure and pressure inside the chamber. These 
techniques cause occlusion of skin, blood vessels and their flow. Our device employs 
a loose non-occlusive seal that does not compress the skin. 

Second, previous techniques involve a positive and negative pressure cycle. 
The cycle is commonly regulated according to cardiac rhythm, thereby amplifying the 
pump effect at the treated body part. Hie cyclical technique does not produce a stable 
increase in flow. Previous techniques actually produce a decrease or. at most, a minor 
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increase in blood flow, but our invention can increase skin blood flow by up to 90 
times depending on the body part. 

A hypobaric chamber can increase local blood flow by inducing a suction 
effect in the local artery, and by distending the capillaries and blood vessels to allow 
for the greater mass-flow rate. Past pressure chambers have employed airtight seals 
which occlude blood flow to and from the treated body part; our chamber utilizes a 
new seal which does not con5>ress the skin. The seal is adjustable so that a small gap 
exists between the skin and the edge of the seal. The leak is overcome by a high- 
volume pump. Our chamber therefore provides for an unrestricted flow-through 
system, resulting in a continuous and very high local microcirculatory flow. 

The invention is at tiie working prototype and experimental data stages. We 
have one working chamber, and another second generation chamber almost 
completed (please see photos attached). The chambers utilize various prototypes of 
seals. We have results for six subjects at various testing protocols (please see data 
attached). We adjusted the chamber pressure to 10 and 20mmHg below ambient 
pressure and obtained a very high and stable increase in skin blood flow. We have 
compared our new device with the effects of a tight seal in the same human subjects. 

This hypobaric technique is pertinent to any ailment which would benefit from 
increased blood flow (and therefore oxygen and nutrient supply) and metabolites 
removal to and from a local body part One prime focus is for the treatment of poor 
circulation like diabetic or atherosclerotic ulcers in the extremities, particularly the 
lower extremities. Surgical revascularizastion sometimes cannot be performed for 
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these patients. Some conservative treatment. i.e.. dressings and other wound 
products are only adjuncts to careful local treatment, including pressure reduction for 
foot (a crutch, wheelchair, a walker), wound debridement, and infection control. Use 
of vasodilator drugs has not been found to aid healing in diabetic foot ulcers. 
Hyperbaric oxygen sometimes can be effective, but raising the oxygen content of the 
blood is of little value when the blood supply to the foot is severely impaired. Our 
method may treat such patients because of the significant mcrease in blood flow 
produced by our device. Our invention may also be a potential treatment for assisting 
the healing of wounds and bums. 

Hypobaric chambers have been designed by other inventors for the scalp 
effort to alleviate baldness. These chambers have failed due to their occlusive effect. 
Our device is perceived to be more effective due to the non-occlusive seal we have 
designed. 



in an 
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ABSTRACT 

Introduction: Current space suits are rigid, gas-pressurized shells that protect the 
astronauts from the vacuum of space. A tight elastic gannent or in other words, 
mechanical counter pressure (MCP) suit that generates pressure by compression, may 
have several advantages over current space suit technology. Jn this study, we 
investigated local microcirculatory effects produced with and without a prototype of 
the MCP glove. 

Methods: The right hand of 8 normal volunteers was subjected at normal ambient 
pressure, -50. -100, -150 mmHg below ambient prB>»si.r» with and without the MCP 
glove. The pressure against the hand, skin microvascular flow and temperature at the 
dorsum of the hand, and middle finger girth were measured. 

Results: The MCP glove generated approxhnately 200 mmHg atjie skinsurface. 
Without the MCP glove, skin microvascular flow and finger girth significantly 
increased with negative pressure, and the skin temperature decreased compared to the 
control condition. However, these changes were not observed with the MCP glove. 

Discussion: The MCP glove generated pressure similar to the current gas- 
pressurized space suit gloves. The pressure at tb e skin surface r ^m^in^H constant 
during negative pressure due to unchanged elastic compression of the material. Skin 
microvascular flow and finger girth was increased with negative nre....r. probably 
due to a blood shift toward the hand. Skin temperature might be decreased by 
enhanced heat transfer because of air inflow from a non-occlusive seal. However, the 
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MCP glove effectively maintained h^^Mn.. values of th. ^.^^.j^ed «hv.in1ofn. 
parameters despite exposure of the hand to vario.,.. ne gative nm..nr.. 

Conclusions: The MCP glove generated effective counter pressure and countered 
the adverse effects of negative environmental pressure. 

Key Words: extravehicular activity suit, mechanical counter pressure, microvascular 
flow, negative pressure 
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During extravehicular activity (EVA), cunent ILS, space suits are pressurized by 
gas with 100% oxygen at approximately 222 mmHg (1). Gas must be delivered to the 
lungs at a pressure sufficient to ensure diffusion of oxygen into the blood. The 
minimal design value is ISOmmHg, HOnunHg is safer, and 20QmmHg is quite 
conservative when pure oxygen is breathed in a vacuum by an active man with the 
suit (18). In addition, there must be volume compensating oxygen gas counter 
pressure applied to the chest and abdomen in order to match the alternating volume 
changes of respiratory movement (18). However, fire hazards are increased with pure 
oxygen. A higher pressure suit might be able to use a mixture of oxygen and 
nitrogen, and eliminate the risk of decompression sickness (8). but suit flexibility 
would be sacrificed. 

As an alternate approach to improve the current EVA suit, mechanical 
counterpressure (MCP) is applied over the arms, legs and torso by a powerful elastic 
leotard to counteract adverse responses of the body to the vacuum of space. 
Moreover. MCP is designed to balance breathing pressure while oxygen is delivered 
to a closed helmet at 222 mmHg. . There are many potential advantages of an MCP 
suit (mobility, weight, .simp1ir%) over Ae conventional space suit because no hard 
joints or bearings are needed (2. 17. 18). However, if a MCP suit generates too little 
pressure, decompression sickness results due to undissolved gas in the blood and 
tissues (16). If too much pressure is generated, cessation of blood flow, 
ischemic/compressive neuropathy , and compartment syndrome may occur, which 
may risk tissue viability (6). As the fir^ step to develop the MCP suit, we chose a 
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smaU area but complex shape, which can simulate the other part of the body, i.e.. flie 
hand, that has cylindrical, flat and concave shapes. In the present study, we 
evaluated the physiological effects. especiaUy. local microcirculatory effects 
produced by negative pressure exposures, with and without our prototype MCP glove. 

MATERIALS AND METHODS 

The right hands of 8 healthy male subjects, aged 22-34 years, were used. For 
recruiting subjects, we excluded volunteers w h o smoked or who had anv oast history 
of systemic disease or injury or sureerv to t h eir right hand. This study was approved 
by the Institutional Review Boards at the University of California, San Diego and 
NASA Johnson Space Center, and informed consent was obtained from all 
participating siibjects. 

A prototype MCP glove was developed by Honeywell, in coUaboration with Webb 
Associates and Clemson University. The MCP ^ove assembly consisted of seven 
primary conqjonents: a comfort layer, a slip layer, an elastomeric layer, an inflatable 
layer, a gauntlet, a wrist seal bladder, and a wrist seal cuff. Each component had a 
specific design requirement and must function compatibly with the other components. 
The MCP glove assembly was connected to the current extravehicular mobility unit 
(EMU) lower arm assembly. The comfort layer was designed to cushion the hand 
from localized stresses and to begin to apply the MCP. The comfort layer consisted 
of a seamlessly knit glove (one piece with no seams) formed from plies of a flat nylon 
yam and a low-power elastomeric yam. The slip layer was designed to facilitate the 
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easy donning and doffing of the power layer. It consisted of a low-friction polytet- 
lafluoroethylene (PTFE) yam seamlessly knit into a glove. The power layer was 
designed to generate the required MCP on the hand. It was also a seamlessly knit 
glove formed from a high-power, high-elongation, elastomeric yam. An inflatable 
layer was designed to provide mechanical counter pressure to flat portions of the 
hand. The gauntlet was designed to confine the inflatable layer, directing the 
mechanical counter pressure to appropriate portions of the hand. It was formed from 
a woven, high-modulus fabric that is shaped trough the use of seams and pleats. 

The wrist seal cufif serves as the interfece between the MCP glove assembly and the 
EMU lower ami assembly. The cuflF is integrated into the wrist side discomiect from a 
current EMU glove. For sealing and comfort on the foreami skin, a siUcone-filled wrist 
seal bladder was inserted between the foreami and the wrist seal cuff. To avoid 
compression against the skin, and the cephalic vein at the wrist, an anti-compressive 
bridge was placed between the wrist and the seal. 

To measure and record the pressure exerted on the hand, an Iscan system (Tekscan. 
South Boston. MA) was used with the 4300 vascular sensor anay. The force sensing 
anay was comiected to an interfece module and an A-D converter. The digitized signal 
of the compression force was sent to a computer and was recorded in real time. Prior to 
measurement, calibration was perfomied for the relation between the force and the 
pressure over a range of zero to 230 mmHg. The array was placed between the glove 
and the hand along the paUn, the middle finger, and the dorsum of the hand (Figure 1). 

[Figure 1 Here] 
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The averaged value of 20 seconds at each site was used for data of each condition. 
A 2.5nun thick laser Doppler probe was placed at the dorsum of the hand and 
connected to a laser Doppler flowmeter (LASERFLO BPM403A. VASAMEDICS, St. 
Paul, MN) to measure skin blood flow. Skin temperature was recorded by a YSI 400 
series thermistor placed near the laser Doppler probe. Volume changes of the middle 
finger were recorded with a mercury strain gauge plethysmograph (EC6 plethysmograph. 
Hokanson. Bellevue, WA). Arterial blood pressure and pulse rate were measured 
continuously at the left middle finger by a continuous blood pressure monitor (2300 
Finapress. Ohmeda. Louisville. CO). AU measurements were monitored and recorded 
continuously using an A-D converter with a programming software (LabView 5.0.<?3 
National Instruments. Austin, TX) at a rate of 50 samples/s. Subjects were in sitrin.. 
position throughout the snidy . Test hands were placed in a clear plastic chamber tiiat was 
connected to a vacuum source and a pressure gauge. Both hands wei^ positioned on an 
arm rest at heart level . After a stabilization period, a test with normal, ambient pressure 
(contix>l) without the glove was performed to record baseline data. The ch«mW 
pressure was set from smaller to larger pressure d ifferentials at the measuring site ( AP^, 
i.e., -50 mmHR without glove fAP= -SOmmVf u). -150 mmTT p with glove ( AP= 
+50mmHR), -lOOmrnHg witho.it rtove (AP= -lOOm n iHg). -ipommH^ with glove rAP=. 
+100mmHR), -50 mmHR with Rlove rAP= 15Qn,mH fr ). and -ISO mmTTg without plnv. 
(AP=^ -ISOmmHR) in order to rotiim to baselina. co n ditions more ran idlv and to r^„.^ 
additive effects of repeated nepative or positive p rP.,»..c fa the condition without 
glove, the skin of the hand was direcflv expo.<:e d to flie negative pre«.„r.c This test 
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sequence also mininiized any risk of injuiy to our volunteers. Right hands were exposed 
to each environmental pressure for five minutes, and the chamber was returned to normal 
atmospheric pressure until baseline values of blood flow were restored between each 
enviromnental pressure condition. For data noimaUzation. baseline arterial blood 
pressure, pulse rate, and skin miorovascular hlonH fl ow at the normal ambient pressure 
test were defined as 100%. Also, finger rirth w«. cPt .s zero percent h..^ 
session and showed percentage changes fiom th ^ normal amh.«.nt pressure condirint. 
Skin temperature was measured in degree, r^l^i u s and change from that at tinrm.l 
ambient pressure condition were reporf ed Data points were generated by averaging the 
instantaneous signals over 10-second periods. 

All data were expressed as means ± SB, and were analyzed by repeated measure 
ANOVA. If statistically significant effects were found. Fisher's post-hoc test was 
applied to compare between conditions. Significance was set at p<0.05. 

RESULTS 

External skin pressure generated by the glove against the hand was higher than 
the ambient pressure but somewhat variable depending upon site (Figure 2). 

[Figure 2 Here] 

At normal ambient pressure, the MCP glove effectively produces approximately 
200 mmHg at the middle finger and on the hand dorsum (185.3±9.5, 187.0*23.1 
mmHg. respectively). These pressures were maintained at -50. -100, -150 mmHg. 
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However, the pressure on flie palm was significantly lower flian that of middle finger 
and the dorsum (72.3±10.2mmHg at normal ambient pressure). 

AU subjects conipleted flie entir e protocol although thev felt o ^..f.r h^o..^^^^ 
with higher le vels of negative ch.n^W p..oe,,.. b^^^ve this di.c^mforf 
caused by the tighter seal around the wrist that w«.. r equired during ^.f^ n.^^^,,^ 
pressure. This discomfort was an artifact of the ...1 becau.se it w.. lo cated at the wri.^ 
only. It disappeared immediately after each evp n.n re. and no adv^. svmDtom5; nr 
signs (except redness of the « k in> were observed after the entim p rntn^^i 

Without the glove, mean arterial blood pressure significantly increased with 
negative pressure(110.2±4.8. 120.0±3.8, 129.2±6.5% at-50, -100, -ISOmmHg, 
respectively), compared to that of normal ambient pressure (ranee 71.2 - 100 mrr^Wf^) 
(Figure 3a). The blood pressure with the MCP glove was also increased (120.2±4.5, 
125.4±8.1, 123.0±8.7%). but there were no significant differences between 
measurements with and without the MCP glove. Pulse rate did not change 
significantly (106.4±3.6, 103.7±4.9, 101.4±4.9 % without the glove vs. 105.7±7.3. 
100.6±5.8. 104.0±6.7% with the glove at -50. -100. -150 mmHg . respectively), 
compared to that of normal ambient oressnre. ( r.n pe 45.2 - 87.2 h^a ts per minnte^ 
(Figure 3b). 

Without the MCP fflove , skin blood flow at the dorsum of the hand significantly 
increased at -SOmmHg (2441 .5±447.3%). and gradually decreased at - 
100mmHg(1680.1±362.6o/o) and -ISOmmHg (1578.8±204.9o/o). compared to that of 
normal ambient pressure feangea4Q_- 1.31 arbitrary „n.t.WPi^^. ^iththe 
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MCP glove, these large increases of skin microvascular flow were counteracted. 
Though the blood flow tended to increase with -50, -100 and -ISOmmHg (73.2±19.8, 
168.6±40.2, 272.6±71.4%, respectively), they were not significantly different from 
those at normal ambient pressure. Due to the increase in blood flow without the 
MCP glove, the middle fmger girth increased at -50, -100, -150 mmHg (1.0±0.5, 
2.28±0.7, 3.1=t0.7%, respectively). With the MCP glove at -50, -100 -150 mmHg, 
girth remained equal to that of normal ambient pressure 

(-0.24±0.15, 0.22±0.3, -0.02±0.4 %, respectively), m spite of increase in regional 
blood flow and finger girth, skin temperature significantiy decreased with negative 
pressure (-4.9±0.43, -3.8±0.4, -2.8±0.6 »C at -50, -100, -150 mmHg. respectively). 
With the MCP glove, these decreases were also avoided and the temperature did not 
change significantly (0.4±0.7. -0.4±0.6. -0.<S±0.4 °C at -50, -100, -150 mmHg, 
respectively), compared to fliat of normal ambient pressure iEanggJp.9::35.rC}. 

[Figure 3 Here] 

DISCUSSION 

The prototype of the MCP glove generated pressures on the skin near 200 mmHg. 
The pressure on the middle fmger showed 185.3±9.5 mmHg with the elastomeric 
material. The results indicate that the elastomeric material of the glove is capable of 
compressing cylindrical structures. This pressure did not change significantly at -50, 
-100,-150 mmHg. That means the pressure from the finger part of the MCP glove 
was proportional to the radius of the finger, and the material could maintain the 
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elasticity^ and tension over this range of negative pressures. Finger girth did not 
change due to stable MOP. Conversely, stable finger girth maintained MCP at the 
ambient pressures under study. The MCP glove requires an inflatable layer at the 
dorsum of the hand because flat or ellipsoidal surfaces do not as effectively receive 
surfece compression from the elastic as round body parts (10). The inflatable layer in 
the glove maintained the surface pressure on the flat dorsum of the hand. The MCP 
glove can, therefore, exert pressures on the finger and dorsum of the hand to levels 
similar to current gas-pressurized EVA suit gloves. The current U.S. EVA suit, 
EMU, is pressurized with breathing oxy^ at approximately 222mmHg (16, 18), or 
about 0.3 atmosphere. Even at this pressurization, present EVA suits are rigid, and 
thus severely restrict movement and perfcMmance. The Russian EVA suit fOrlan) is 
prcMimzed to_290minHgJ[5^ haseyen greater moWli^restric^^ U 

MCP is produced by a powerful elastic leotard, the mobility or flexibility should be 
improved. However, the pressure against the palm was significantly lower than that 
over the finger and the dorsum. The palm may be more resistant to negative pressure 
tiian the dorsum of the hand because the palm contains dense connective tissue septa 
in the superficial fascia that telher the skin to the deep fascia (3). However, to 
generate the same pressure as the current EVA glove, another resource will be needed 
for concave segments of the body. 

In the present study, as a first step to develop MCP suits, we evaluated the local 
physiological effects of the MCP. With negative pressure, the skin blood flow 
significantly increased compared to that of normal ambient pressure. This result 
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contrasts with locally applied negative pressure (7. 13) or lower body negative 
pressure (LBNP) experiments (5. 9). The locally appUed negative pressure generated 
by an air-filled plethysmogiaph with stiff walls or a sucking glass, decreases 
subcutaneous blood flow (7. 13). The decrease is caused by local sympathetic veno- 
arteriolar, arteriovenous reflex, which is probably due to an increase in vascular 
transmural pressure (7, 13) due to local pain (20) or reduced venous return due to 
local compression by the device (19). In the present study, local sympathetic nerves 
mig^it be also activated, because arterial blood pressure on the finger was higher with 
negative pressure. However, because of anon-compressive bridge that prevents 
disturbance of the local circulation, microcirculatory blood flow was increased with 
negative pressure. Without the bridge, local venous drainage was disturbed. The 
wrist under the seal or negative pressure-exposed-hand experienced more pain, and 
blood flow at the dorsum of the hand was decreased as described in the other articles 
(our unpublished data). These differences in experimental condition, measuring site, 
or anatomical variations in subcutaneous interstitium might also cause the differences 
in results of the other articles. LBNP also decreased skin capillary blood flow in the 
foot (9) and forearm (5). With LBNP, the fluid shift unloads the carotid and 
cardiopulmonary baroreceptors, reflexively increasing sympathetic outflow (12), and 
thus constricting all arterioles. However, the blood shift is comparatively small in 
this study since only the right hand was exposed to negative pressure. Thus. 
baroreflex vasoconstriction responses are probablv minor because a small volume of 
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blood is shifted towaid the hand. A rise in blood pressure with»,.t a significant 
change in pulse rate supports this hypothesis. 

The MCP glove effectively compressed the skin and counteracted any increase in 
blood flow and finger girth. With the MCP glove on, blood flow did not change 
significantly although it tended to increase with negative pressure. With the MCP 
glove, the blood flow remained the same as the control value with the locally appHed 
negative pressure up to -ISOmmHg. Middle finger girth also increased with negative 
pressure. As discussed above, arterial inflow mcreased, and venous blood volume 
also increased with negative pressure since the mercuiy strain gauge reflects local 
blood flow and venous volume repletion (1 1). Again, the MCP glove counteract^ 
these changes and maintained the same girth compared to that of normal ambient 
pressure. 

Skin temperature significantly decreased with negative pressure despite increased 
skin blood flow Blood flow is the most important factor in skin temperature because 
the internal heat transportation is dependent on blood flow (14). However, skin 
temperature can change without changes in skin blood flow and vice-versa (15). A 
hypobaric enviromnent and the air inflow from the bridge under the wrist seal lowers 
the skin temperature by enhanced evaporative heat transfer (4). Though air inflow 
was also observed du ring th e MOP glove testing, the MCP glove significantly 
depressed these changes in temperature, and maintamed control condition. Clothing 
might disturb the heat dissipation to the ambient environment (4). 



ATLUfiOt 1371683.1 



16 



In conclusion, the MCP glove effectively generated pressures equivalent to the 
cmrent Shuttle EMU glove for EVA. Blood flow and finger girth were significantly 
increased during negative pressure exposures, while local skin temp .^t,.i^ 
decreased by negative press u re and air flow. These changes were effectively 
counteracted by the MCP glove. 
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LEGENDS 

Figure 1 

The force-sensing array placed on the hand. The array was placed along the palm, the 
middle finger and the dorsum of the hand. 

Figure 2 

The pressure generated by the mechanical counter pressure glove on the palm, the 
middle finger and the dorsum of the right hand. *p<0.0001 , compared to the 
middle fmger value. tp<0.0001, compared to the dorsum value. 

Figures 

Physiological parameters with and without the meclianical counter pressure (MCP) 
glove in the chamber. Open circle shows the value with naked hand. Closed circle 
shows the values with the MCP glove. 

a. Relative changes in arterial blood pressure. The value at the normal ambient 
pressure was defined as 100% (control). *p<0.05, compared to control value. 

b. Relative changes in pulse rate. The value at the normal ambient pressure was 
defined as 100% (control). 

c. Relative changes in skin capillary blood flow at the dorsum of the hand. The 
value at the normal ambient pressure was defined as 100% (control). *p<0.05, 
compared to control value. tp= 0.0006 
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d. Diffemces in middle finger girth. The value just before each session was 
defined as 0%. *p<0.05, compared to control value. tp=0,0013 

e. Skin temperature differences at the dorsum of the hand The value shows the 
difference from that of normal ambient (control). *p<0.05, compared to control 
value. tp=0.0001. 
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simulates jl^cute increase in intra-oculap pressure that occurs In 
fiiicrOgravH^G 6°HDT position, a commonly used method of 
amuUitins pTysiological changes secondary to microgravity exposure, 
did not produce the nse In intra-ocuUr pressure that has been found 
during space missions. 
.« 
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POSITIVE AND NEGATIVE COUNTERPRESSURE 

DIFFERENTIALS DECREASE AND INCREASE SKIN 

MICROVASCULAR FLOW IN THE HAND 

J, TanakaIL WaldieI.G, Steinback>,P, WebbZ D. Tourbier3 T 

Knudsen^, C. Jarvis-* and A. Harcens^ / 

^DqMrtment of Orthopaedics, University ofCalifonm, San Diego, CA: ^Wehb 

Associates; ^HoneyiveU; ^Clemson Apparel Rescardi 

Introduction; Current space suits are bulky, rigid, gas-pressurized shells 
that protect the astronaut from the vacuum of space. A tight elastic 
garment, or mechanical counter pressure (MCP) suit, that generates 
pressure by compression may be an economical, safe and more flexible 
alternative. In the present study, we investigated local microdrculatorv- 

Pfoauced by extreme overpressure or underpressure exposures' on 
the hand to help develop a MCP glov e Methods: the tight hand of 
5e\-en normal volunteers was subiected to 150 mmHg overpressure and 
t nderpressure. A laser Doppler blood perKision probe and thennistor 
* ere placed on the dorsum of the hand. A vacuum chamber was used for 
i.ie underpressure test of the exposed hand, while a MCP glove was 
domied to provide overpressure. After a stabilization period, all data 
were measured continuously for 5 minutes in each condition. Results: 
overpressure, skin microvascular flow decreased 
ftAV?x^*J? . ^ compared to normal, ambient pressure conditions 
(p=O.00lS). Dunng ISO mmHg underpressure, skin microvascular flow 
mcreased by 533±163% (p=0.0049). SiSn temperature did notSange 
Significantly for either underpressure or overpressure tests. Discussion: 
Dunng overpressure, skin blood flow decreased because arterial blood 
inflow and capillary perfUSion were occluded. The distention of skin 
tissue and capillanes and some local effects of somatosensory stimulation 
robably mcrease skin microvascular flow during underpressure. Skin 
itnjjeraturc did not change due to the short duration of >he tests. The 
lolatively great alterations of microvascular flow suggest that a MCP 
glove should supply skin surface pressure differentials of less than 150 
mmHg. (NASA grant NAG9.1916 and Honevwell contract S00001263) 
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PANEL SUM.MARY: REFRACTIVE SURGERY UPDATE FOR 
AVIATORS- JOINT OVERVIEW PANEL AND NAVY 
SESSION 

p. H0LLA.ND»,K. BeLUAND^ ANdC. BaRKER^ 

Discussion: This combmed two-session panel has two components- a 
^« y T P2P^" highlights^hewrfe gomg on at J^Iaval ' 

Medical Center San Diego, and a pmt^erv ice overview presentation and 
lisciission panel FoUowmg the N AVY^session which defies into the ' 
anous aspects of PRK forNaval Aviafion- the ,oint ovocview session 
.ontams brief papers bv Army (C. VandePol), USN (S. Schallhom), USAF 
D. Ivan), and academic (I. Zimmer-Galler) researchers. 5\fter these 
papers are presented, a discussion panel is convened at the end of the 
second 90 min session ivhich adds new indiv iduals working ivith or for 
other goverum^nial agencies mcluding K ASA (K Manuel)flhe US Armv 
(M. Laiiimore), and the FAA (V. Nakasa>vara). CAPTC. Barker USN^ 
will moderate the discvission portion ot this session ' 

USfil 

UPDATE ON PHOTOREFRACTIVE KERATECTOMY IN 
VAVAL AVIATION 

TanzER'.S. ScHAttHORS* ANoM. BrOWN* 

i^'aval Met! tail Center. San Dtego* CA 

Purpose: To provide an update on the "Retention of Naval Aviator'* Pnv 
protocol. Methods: To date, 164 aviators have been enrolled in Se 

AviaHon, Space, anS Enznronmental Medicine • VoL 72, So. 3 • MarchlOOl 



S«"cnmJ^ pilots 69% NFO/VVSO's and 17% other class 2 

owr^"'"''*^/ enrollment to date is as follows: fighter/aHack - 
tl% othe;^. 74Xt^^^ 'J^'^^^P^^^ " anti-submfrlne w^^^^^^^^^ . 
Anrf 1 - r M centers (San Diego and Portsmoulli^ 

I^LJZI'' fu""' ^'^^ employed in the study, fcsul^; A^S ' 
K!f " ^P^*^"5^^ equivalent (MSE) refraction was -ZSO diop ere (D) 
to nv^^lm b° f°"nd medial^ 

to ny following surgery), average MSE was +0.09 D. AveraEeUcorrocIoS 
visual acuity (&CVA) fee/ore surgery was 20/200, and byl^lSeTanr 

SrlT°R!,^^ following surger>-, 92% of avlato^s had 20/20 or belter 
Myy%t^^2L"ir^^ ^.^J^*^'^ 20/10 UCVA32%^vere2n/!2, 

i*""* 6% were 20/20. 73% of enrolled aviators were 

bl 8 w^Ltnd ' ^"^g^^' were cleared 

19 Z.^^^ ?u • • enrolled aviators met return to flight cnteria bv 
12 weks follovving surgery B> the end of FYOO, a total of 294 S houn, 

A^oM?of rlF^^^^^^^^ mcU,d.457hou^s nou^a^^^ 

An « i 1 ^"""^ f*''"^^^ including 30 night landing, 
r at nthn"^^^^^^ ^^"^[''Ss and 6 earner arrested Undmt 

WoP" omf^^^^ "^""^^^ -Retention of NVwi 

? protocol have been outstanding However, there have been 
^^^'Tn'tl "^''^"S 2> ^ e study pt.puIation who did no?mee" 
return to flight criteria until \1 weeks fbllotvmg surgery and one aviaio, 
who required a medical evacuation from an aiF^aft carrier at sea for a 

^llusr'tk-e^a^^^^ 

(1591 

cti^T^Sx^^P^^^^N^^ VISION STANDARDS IN 
STUDENT NAVAL AVIATORS AFTER PRK 

/ 2)"^'' S ScHALLHORNl, D. TanZERI AND J. GriMSON^ 

^ Naval Medical Center San Dtego, CA 

I«^f°"'/JvT?r'^Pf o"^'?^' evaluate flight performance in Student Naval 
Aviatore (SMA) and Student Naval Flight 6fficers (SNFO) who have 

compare their performance to student controls. To evaluate the role of 

7nu.r n,'^! A^i ^? ^^^^ V ^ ^'^^ ^^'^W be enrolled. Subject^ 
musr me^c all mcUision and exclusion cr.ror.a tor the study, and ^Mth tr 
CNCept.jr. .1 n..:or. o: PRK muM bo orner.vi^e phvsically quaUne- 
iPQi and aeronauticalK adaptable i AA) ror 5\ A br SNTO: Aa^!onir • 
sources mdude the United States xNiival Academv (USXA), NROTC 
bl'thl Vat^^^nf]"^ fT ^^^T perfon^ied 

i^^i . ^! "^1 r^r^^*-'*? > '' "^ '"^s'^^ of increasing the qualihed 
apphcant pool for Naval ai lation training. Flight perfonnance wil be 
ev-alualed using standardized grading mithod! fo?ii"d,^du^^^ 
Clements and overall performance inlach phase of training O^er ^ 
pertormance measures uill include number of hours to complete 
mpTcMSc^"^^^^^^^^ Standardized performancu 

hivp i PP^^! "^"^l S?'"?*'*"^^" n.ght performance in shident. 
jvho ha\c had PRK against those who have not Conclusions: 

«/^PP^^'*^ "delude safetv and appUcabilitx 
of PRK in al aviation both as a means to reduce o; eliminate 
w^;!^ h''^ eyeglasses or contact lenses, and as a mechanism to 

' pff ! ^ P''''* °^ qualified applicants lor Nav al aviation traminq 
mli^^il!.?""^'^''' *^*^*^"°JoS^- *^^.V'*^ poieiniaUy facilitate a shift in1he 

• 5^1^ f''^^***' V**" K'leclion from a larger appl.ca. 

i 

\ lUo] 

' EfeTN^ct^v5?„^?R^^'^'^Q'^^"= A HORNET PILOT S 

Putposc. A case report of a Navy F/ A-IS pilot who underwenl 
pholoref^nctl^ e keratectomj (PRk) for thel-orrechon of rnS Repor 

on PRK in Naval aviarion wth einpha,is on carrier-based nieht 
operanon. Me.hods- The patients a 36 x oar o\TmaTf / A?1S pilot 
with mvopia in both e> es Although contact lenses provid^ ad^uarc 
visum (or ino»t tasks, they consisicntK tailed to provide ihevUuj^ 
resolution required for earner-based flight operations. So despite the 
lumerou* limitations and problems assliciatkl with ev«ffi m ^ 
tactical let em-ironment. glasses were his preferred mitJwd^-bioir 
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